Abstract: We combine the Integrated Impact Indicator (I3) and the h-index into
Introduction
Academic evaluation has continued to be an issue in the academic world, as it is difficult to select and set universal evaluating principles in various complicated situations. However, publications and citations remain the main focuses of academic evaluation, particularly for fundamental research. Citations cannot directly be compared with publications and thus one needs a model or at least a formula. A model can be improved and thus the measurement be refined. Since all models also generate error, the quality of a model depends on the quality of the arguments used for constructing the model. Since Garfield introduced the journal impact factor (JIF) and set up citation analysis (Garfield, 1955 (Garfield, , 1979 , these scientometric indicators have been applied to academic evaluations. Hirsch (2005) proposed the h-index, which was rapidly accepted by the scientific community.
This promoted the development of quantitative academic indicators. However, both JIF and hindex have their advantages and disadvantages. JIF is basically designed for journals and the hindex for the evaluation of individual scholars.
After developing a set of criteria for an indicator in , these authors proposed the Integrated Impact Indicator I3 . I3is based on (i) transformation of the citation distribution into a distribution of quantiles and (ii) integration (instead of averaging) of the quantile values. (Quantiles are the continuous equivalent of percentiles.) The use of percentiles was recently recommended in the Leiden Manifesto ("Ten principles to guide research evaluation"; Hicks et al., 2015) , because average citation rates are heavily dependent on the few highly cited papers in a publication set and bibliometric distributions are very skewed. I3 combines citation impact and publication output into a single number -similar to the h-index.
The quantile values which are conveniently normalized between zero and hundred provide the weights for the papers, as follows:
where Xi indicates the percentile ranks and f(Xi) denotes the frequencies of the ranks with i= [1,C] as the percentile rank classes, which means that the measures Xi are divided into C classes each with a scoring function f(Xi) or weight (wi). One can also re-write Eq.
(1) as follows:
As an alternative to quantiles, the h value of a document set can be used to provide a rank class structure. This combines the advantages of I3 and h into a single framework (Rousseau & Ye, 2012; Ye & Leydesdorff, 2014) , which can be applied to academic evaluations based on publications and citations at both group and individual levels. In this study, we elaborate this methodology which was previously applied to journals (Ye et al., 2017) , to universities as well as individual scholars.
Methodology
In many cases, single numbers are used as indicators in academic evaluations. However, a single number can only reflect one side of the overall information and can therefore be expected to have limitations and disadvantages. Possible solutions are multivariate indicators which reflect the multidimensional information. The h-based I3-type multivariate indicators provided a framework of such an elaborate methodology (Ye & Leydesdorff, 2014; Ye et al., 2017) .
Methods
Let us assume that the y-axis denotes citations and the x-axis indicates ranked publications from high citation to low citation, then we obtain a publication-citation distribution as in Figure 1 .
The h-index allows us to define three rank classes of both publications and citations in Figure 1 .
The three classes of publications along the x-axis are: (i) publications in the h-core (Ye & Rousseau, 2010; Chen et al., 2013) Pc, (ii) publications in the h-tail Pt, (iii) and publications without citations Pz. Along the y-axis of the citations one can analogously distinguish among (i) the "excess citations" in the h-core (Zhang, 2009 (Zhang, , 2013 Fig. 1 The rank distribution of citations versus publications.
Let xc=Pc/(Pc+Pt+Pz), xt=Pt/(Pc+Pt+Pz), xz=Pz/(Pc+Pt+Pz), yc=Cc/(Cc+Ct+Ce), yt=Ct/(Cc+Ct+Ce) and ye=Ce/(Cc+Ct+Ce), we may define two independent vectors as publication vector and citation vector respectively:
as well as an I3-type publication indicator I3X and an I3-type citation indicator I3Y as follows
The vector X and the score I3X represent the relative frequencies of the publications, while the vector Y and the score I3Y denote the relative frequencies of the citations. For convenient application, citation score in h-core can be merged into Yh=Y1+Y3=yhCh, where yh=Ch/C, Ch=Ce+Cc.
Thus, the h-based I3-type multivariate indicators provide multidimensional indicators: X1 measures publication score in the h-core (X1 and Y1 combination may measure core impact power), X2 measures publication score in h-tail, Yh measures citation score in h-core, Y2 measures citation score in h-tail, I3X does total publication score, and I3Y does total citation score.
Data
Since P=Pc+Pt+Pz, C=Ch+Ct=Cc+Ct+Ce, Ch=Cc+Ce, Pc=h, Cc=h 2 , one needs to measure only five independent numbers, P, C, Pz, Ch, h, for the computation of X and Y, I3X and I3Y, via Pt=P-Pc-Pz, Cc=h 2 , Ct=C-Ch, and Ce=Ch-Cc. These five values can be obtained easily from bibliometric databases, like by searching Web of Science (WoS) or Scopus.
In order to show the general applicability of these measures, we provide three examples at different levels: 1) individual scholars, we choose the profiles of ourselves in order to avoid issues concerning personal privacy, using 10 years of data from WoS 2005-2015; 2) universities:
we chose 25 famous universities, including nine in the USA, nine in China, two in the UK and Germany respectively, and single ones from Australia, Canada, and Japan, with five year data from 2011 to 2015 in WoS; 3) journals, we chose journal datasets 2011-2015, in the field of electrochemistry (EC). The parameters computed from the datasets are listed in the appendix.
We also collected 2009-2013 data of 25 famous universities and the journal data 2011-2015 in the field of history of the social sciences (HSS), for comparative applications.
Results
The publication vector X = (X1, X2, X3) and the citation vector Y = (Y1, Y2, Y3) are represented by distributed numbers, which are listed in the appendix. 
Individual level: scholars
The scholars' data can be searched via definite field and time span in definite database.
Individual dataset is small, so that all indicators can be easily calculated, such as h-index, Xi, Yi, I3X, I3Y, even h-core and h-tail distributions of publications and citations. Figure 2 shows the h-core distributions of Leydesdorff L and Ye FY. For younger scholars with a lower h-index, the indicators X2 and Y2 can be used to indicate their potential.
Group level: universities
For any university, there are lots of publications and citations distributed in many fields, so that the multivariate indicators provide useful indicators from different perspectives. When we are concerned with the core impact, the h-index, X1 and Y1 provide important h-core information, while ignoring the h-tail. Figure 3 shows the impact of 25 famous universities. 
Group level: journals
As all publications and citations are valuable for evaluating in journals, it is recommendable to use I3X and I3Y, which can cover the distribution of publication scores while integrating citation scores of h-core and h-tail. Figure 4 shows this for journals in electro-chemistry (EC). In order to understand the relations among all the indicators, Table 1 shows the Spearman correlations between h and {Xi}, {Yi} (i=1,2,3), IX3, I3Y for 25 famous universities and Table 2 provides Spearman correlations between JIF and {Xi}, {Yi} (i=1,2,3), IX3, I3Y for 27 EC journals. 
Discussion and Comparison
The advantages of X1 and Y1 are relative robust like h-index, with non-integral changeability, particularly Y1 can characterize core impact power of citations. In Table 3 , we compare the data of 25 famous universities during the periods of 2009-2013 and 2011-2015 , in terms of h-index and Y1. One can see the quick development of the Chinese universities compared to the worldclass universities. There are disciplinary differences, which could affect the applications of the multivariate indicators. For example, comparing the journals of history of the social sciences with the journals of electrochemistry, the relation of I3X and I3Y as well as their correlations to JIF show differences in Figure 5 and Table 4 . 
Conclusions
The multivariate indicators, including publication vector X = (X1, X2, X3) and citation vector Y = (Y1, Y2, Y3), publication score I3X=X1+X2+X3 and citation score I3Y=Y1+Y2+Y3 , as well as their elements and integrated indices, provide a methodological framework for extensive academic measurement. Most of them are positively correlated to the h-index and JIF, with relative independence (Spearman coefficients 0.5~0.9), so that they can be considered as independent indicators, which provide multidimensional views for academic evaluation.
Particularly, the core-tail measurements of X and Y, as well as I3X and I3Y combine the advantages of the h-index and I3: (i) the publications and not only the citations are appreciated;
(ii) the indicators are non-parametric; (iii) the results are easy to obtain from WoS or Scopus data; (iv) the results can be plotted via X-Y system. We note that these indicators do not require reference sets as when using quantile or percentile values (Bornmann et al., 2013) ; the distributions are generated from the h-classes as shown in Figure 1 above. 
